In certain cultivars of corn (Zea mays var. Merit), light stimulates gravitropic bending of the root by influencing events in the root cap. In this paper, we report on changes in root cap proteins which occur as a result of the light treatment and single out specific proteins as potentially having a role in mediating the gravitropic response. For this work, we have used root caps maiatained aseptically in culture media supplemented with auxin. If auxin is deleted from the culture medium, the protein profiles observed following illumination differ from that seen in caps provided light while in auxin-supplemented media. We also report that several of the proteins for which synthesis is stimulated by light appear to turn over rapidly, usually within 0.5 hour of formation.
In some cultivars of corn, light is able to initiate gravitropic bend; ig of seedling roots (downward growth) by affecting processes in the root cap (4, 16) . If seedlings of these cultivars are maintained in continuous darkness or in dim green light, roots fail to respond to gravity and instead grow in a direction determined by the orientation ofthe seedling. Recently we have shown that expospre of the cap to white light leads not only to root bending but also stimulates protein synthesis within the cap, with protein levels enhanced 1.5 to 2 times that observed in caps maintained in complete darkness (5, 6) .
Protein synthesis is necessary for gravitropic bending (5) . In cultured caps in which protein synthesis is inhibited prior to exposure to light, processes leading to downward root bending are interrupted. Substituting these cultured caps in place of caps from dark-grown roots does not elicit any root bending, even if these roots are exposed for considerable periods (in excess of 1 h) to continuous white light (5) .
In this paper, we define more precisely the role of protein synthesis in the processing of the gravity stimulus into a growth response. In particular, we examine whether the light-induced gravity translation mechanism involves: (a) the synthesis of one or more unique proteins; or (b) a general enhancement in the levels of many proteins; or (c) the enhancement of the levels of selected proteins. In order to distinguish between these possibilities, we (Fig. 2) . In illuminated tissues provided IAA (3H-labeled) versus tissues de- followed by either 0.5 h dark (3H-labeled) versus 5 h darkness (35S-labeled) shows three peaks (at 52, 72, and 91 mm from the top of the gradient gel) at which there are selective increases in 3H incorporation.
Double Label Experiments Coupled with Two-Dimensional Gel Electrophoresis. Proteins from double label experiments were examined by the method of two-dimensional gel electrophoresis coupled with sequential exposure of the gels to x-ray films of varying sensitivities. For the double label experiments, three different treatments, all 35S-labeled, were individually com-pared to the 3H-labeled tissues (Table I) . For each of the double label experiments, the distribution of labeled proteins was recorded by two types of x-ray film: one sensitive to both 3H and 35S and the other sensitive to 35S only. By comparing the two exposed films, our intent was to distinguish whether proteins from the various 35S-labeled tissues differed in their labeling pattern from the 3H-labeled caps. Although we were able to resolve over 150 individual polypeptides, we were unable to demonstrate any qualitative differences in the protein patterns in any of the three treatments. However, by comparing the fluorographs to the labeled gels, we observed that a number of proteins which stained with Coomassie blue remained unlabeled, and that some proteins which were heavily labeled were barely detectable, if at all, with the Coomassie stain. DISCUSSION Roots of Zea mays var. Merit require protein synthesis in the root cap for the translation of the gravity stimulus into a growth response (5) . From previous tissue culture work, we have shown that both light and auxin are required in this response. To date, relatively little is known of the physical and biochemical processes in the cap associated with gravitropic bending in roots. One of the favored views is that growth inhibitors originate in the cap in response to a gravity stimulus (and in some roots in response to light as well) and from the cap move to the root proper where downward bending is promoted (I15). A number of investigators have shown that light treatments can modify and enhance the gravitropic response (3, 7, 10), but the mechanism by which this modification comes about is not known. Suzuki et al. (17) have suggested that a possible regulatory effect of light is in modifying the NADP/NADPH levels in the root leading to downward bending. From the work with cress roots, Hart and MacDonald (9) provide data for the involvement of two photosystems in the light-mediated gravity response. For coleoptiles, Hild ( 11) has suggested that the transduction of gravity and light stimuli must share some steps common to both pathways. The nature of the linkage between the two tropisms, however, as yet remains obscure.
Because our earlier work had shown that light stimulates protein synthesis in the cap and that this synthesis is necessary for downward growth of the root, we proposed (6) that one of the ways in which light, in the presence of auxin, mediated the gravity response was by stimulating the de novo synthesis preferentially of one or more proteins associated with the gravitropic mechanism.
The labeled protein profiles obtained from tissues maintained either continuously in the dark or given light are remarkably similar with no apparent qualitative differences (Fig. 1) . However, in order to more fully address the question of possible qualitative differences, further analysis was accomplished with two-dimensional electrophoresis combined with a double label.
Using this technique, we were unable to demonstrate any qualitative differences in protein profiles from either light versus dark or plus auxin versus minus auxin (Fig. 3) . We therefore have concluded that light in combination with auxin leads to an enhancement in the synthesis of specific pre-existing proteins, rather than preferentially stimulating the de novo formation of selected proteins.
One such pre-existing protein(s) with marked light-enhanced synthesis was located 90 mm from the top of the gradient gel (Fig. 1, 0 .5 h). Since this increase in label at 90 mm was observed only after 0.5 h in darkness and was undetectable in tissues maintained in the dark for longer periods (1) (2) (3) (4) (5) In the double label experiments coupled with one-dimensional gel electrophoresis (Fig. 2) , we compared the protein profiles of three experimental treatments (all 35S-labeled) with profiles of 3H-labeled proteins obtained from caps provided auxin plus 10-min light, followed by 0.5 h darkness. Our reason for selecting this particular treatment against which to compare the 35S treatments was that previous work (6) had shown that total protein was at maximal levels in tissues given auxin plus 10-min light followed by 0.5 h darkness. By comparing the ratio of 3H/35S, we showed that particular proteins had proportionately more label associated with them in the 3H as compared to the 35S-labeled tissues. For light versus dark, the increases pointed to proteins preferentially enhanced in their synthesis by the light treatment. The peaks observed in the light versus dark were also observed in the 0.5 versus 5 h experiment, but here the increased ratios were not only indicative of that protein synthesis induced by light, but, moreover, suggest that these same proteins turn over within the 5-h dark period. Finally, for the plus versus minus auxin treatments, an increase in the 3H/35S ratio was observed mainly in the proteins 70 mm from the top of the gel with a slight increase in the ratio at 90 mm. Also observed was a reduction (compared to the general background) in the label ratio 82 mm from the top of the gel. These selective increases in the ratio suggest that auxin can preferentially affect the synthesis and/or turnover of particular proteins. Such a stimulatory role for auxin is consistent with the numerous reports noting its effect on protein synthesis (2) . Of interest is the region of the protein profile showing a relative decrease in the 3H/35S ratio, suggesting that in the presence of auxin the synthesis of certain proteins is either retarded or that the turnover of specific proteins is enhanced.
From this work, we would conclude that light, in part, affects gravitropic root bending by enhancing the levels of selective, preexisting proteins and that in the dark these proteins turn over rapidly to some level. There was no evidence for light-stimulated de novo protein synthesis.
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